Molecular dynamics and free energy calculations of the B and Z forms of C8-arylguanine modified oligonucleotides.
Arylhydrazines found in the mushroom Agaricus bisporus have been shown to be carcinogenic. Upon metabolic activation, arylhydrazines are transformed into aryl radicals, forming 8-arylpurines, which may play a role in arylhydrazine carcinogenesis. These adducts are poorly read and inhibit chain extension but do alter the conformational preferences of oligonucleotides. We have shown that C8-phenylguanine modification of d(CGCGCG*CGCG) (G*= 8-phenylguanine) stabilizes it in the Z-DNA conformation (B/Z-DNA=1:1, 200 mM NaCl, pH 7.4). Here we have conducted molecular dynamics and free energy calculations to determine the sources(s) of these conformational affects and to predict the affect of the related C8-tolyl and C8-hydroxymethylphenyl guanine adducts on B/Z-DNA equilibrium. Force field parameters for the modified guanines were first developed using Guassian98 employing the B3LYP method and the standard 6-31G* basis set and fit to the Cornell 94 force field with RESP. Molecular dynamics simulations and free energy calculations, using the suite of programs contained in Amber 6 and 7 with the Cornell 94 force field, were used to determine the structural and thermodynamic properties of the DNA. The principal factors that drive conformation are stacking of the aryl group over the 5'-cytosine in the phenyl and tolyl modified oligonucleotides while hydrogen bonding opposes stacking in the hydroxymethylphenyl derivative. The phenyl and tolyl-modified DNA's favored the Z-DNA form as did the hydroxymethylphenyl derivative when hydrogen bonding was not present. The B-DNA conformation was preferred by the unmodified oligonucleotide and by the hydroxymethylphenyl-modified oligonucleotide when hydrogen bonding was considered. Z-DNA stability was not found to directly correlated with carcinogenicity and additional biological factors, such as recognition and repair, may also need to be considered in addition to Z-DNA formation.